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1. INTRODUCTION 
In this paper we are concerned with the problem of oscillation of non- 
linear second order ordinary differential equations of the form 
(a(r)~(.u(t))s’(t))‘+p(r).~‘(r)+q(t)f’(.r(l))=O -=; , 
( > 
(El 
where a, p, q:[to,~‘)~R=(-,sc’,,x), t,20, and $,f:R+R are 
continuous, a(r) > 0 for t 3 to, uf(.u)>O, and $(s)>O for .u#O. 
Throughout this paper, we restrict our attention only to the solutions of 
the differential equation (E) which exist on some ray [r,, ‘xj). Such a solu- 
tion is said to be oscillatory if it has arbitrarily large zeros, and otherwise 
it is said to be nonoscillatory. Equation (E) is called oscillatory if all its 
solutions are oscillatory. 
In the last two decades the problem of finding sufficient conditions for 
the oscillation of all solutions of ordinary differential equations has begun 
to receive more and more attention. An interesting case is that of 
establishing oscillation criteria for equation (E) and/or related equations 
which involve the average behavior of the integral of the alternating 
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coefficient q. As recent contributions to this study we cite the papers of 
Grace et al. [l-7], Kamenev [8], Philos [9, lo], Wintner [ 111, Wong 
[ 121, Yan [ 131, and Yeh [ 141 and references contained therein. 
Kamenev [8] considered the linear equation 
s”(t)+q(t)s(r)=O, F,) 
where q: [to, z) -+ R is continuous and proved that the condition 
lim sup -$ I’ (t-S)“-Lq(S)ds= XI for some integer n > 2 
I + K f0 
is suflicient for the oscillation of equation (E,). Kamenev’s criterion has 
been extended and improved in various directions (see [l-14]). 
Recently, Yan [ 131 obtained a new oscillation criterion for equation (E) 
with I/I(X) = 1 and f(.u) = X, which also involves a condition of Kamenev’s 
type and a special case of Yan’s theorem, given as follows. 
Suppose that there exist a positive differentiable function p on [It,, cz# ),
a continuous function R on [to, x8 ), and a constant SI E ( 1, x ) such that 
1imsup;l;J (t-3)1p(.s)q(3)ds<mx’ 
r--t x 10 
and 
>Q(T) for every T 2 t,,. 
Then equation (E,) is oscillatory if 
I% QI (s) 
J f-ds=m, to P(S) 
R+(t)=max(Q(t),O). 
The results of Kamenev and Yan have been extended to equations of the 
form 
.u’~(t)+q(t)(x(t)~~sgn.u(t)=O, i’>o (E,) 
and also for more general equations of type (E) with $(I) = 1 andf(s) = 
I.u(t)l;‘sgn *y(t), 7 > 1 (see [2, 10, 121). 
In [9], Philos considered equation (E,) and gave some extensions to the 
results of Kamenev and Yan. 
In this paper, we are interested in establishing results in the spirit of 
those obtained by Kamenev, Philos, and Yan for a broad class of second 
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order nonlinear equations of type (E) and as a consequence we are able to 
extend a number of previously known oscillation results. Examples are 
inserted in the text to illustrate the relevance of the theorems. 
2. MAIN RESULTS 
THEOREM 1. Suppose rhat 
and 
s r du s --% du fOiX and .m- (2) 
Moreover, assume that there exist a differentiable function 
p: [to, x)-(0, 33) 
and the continuous functions 
and H has a continuous and nonpositive partial derivative on ?? with 
respect to the second variable such that 
H(I, t)=Ofortat,, H(r,s)>Ofort>sat,, 
and - (3) 
p(t)<0 and (p(t)p(t))‘~Ofort~t,. (4) 
4s) P(S) 
H(c s) P(S) 4s) - 4k 
then equation (E) is oscillatory. 
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Proqf Let .X(I) be a nonoscillatory solution of equation (E) and assume 
that -u(r) > 0 for t 2 t,. Define 
w(t) =p(t) a(t) to-(t)) -f(t) 
J’(-dr)) 
for tat,. 
Thus, for every t 2 t,, we obtain 
x.(t) 
W(t) = -p(t) q(t) -p(t) p(t) - 
,fMt)) 
+a(t) p.(t) $(.4t)) -y’(t) 
f (-dt)) 
--&j w’(r)f$gf. 
Using (1) in the above equality we get 
x’(t) 
W(t) d -p(t) q(t)-p(t) p(r) - .fC.u(t)) 
+ a(r) p.(t) Il/Mr)) -Y’(f) 
f(.u(t,) 
-& W’(t) for tat,. (6) 
Thus, for every t, T with t 2 T> t,, we have 
‘.I 
-J 
k 
-H(t,s) W’(s)ds-jfH(t,s)p(s)p(s)- s 
-x’(s) d. 
7 4s) P(S) 7 .fb(s)) 
Now, 
I’ 
x’(s) 
- J WC s)p(s) p(s) -7 f b(s)) ds 
j’-p(u)p(u)sdu ds. 
r 1 
But, by the Bonnet theorem, for a fixed s 3 T and for some 5: E [T, s] 
$&du= -p(T)p(T) jIf$du 
= -p(T) P(T) j:‘;if$ 
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and hence, since p(T) d 0 and 
if s(4) <.I-( T) 
we have 
with 
s 3 .Y’ (U) -P(U) Ph4f(,y(u)) dud K for all x2 T r (8) 
Hence, for t 2 T 3 t, we get 
or 
I ’ Ml, s) P(S) q(s) ds T 
Bff(t, T)[W(T)+Kl-f~.ilH(f,s)[h(~,S)-~~~j] W(s)ds 
I k - 
s - H( t, s) W2 (s) ds, T 4s) P(S) (10) 
and hence 
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2 
ds, for T> t,. (11) 
Divide (11) by H(t, T) and take the upper limit as t -+ ‘CC. Using (5) we 
obtain a contradiction. 
An analogous proof can be given if we start with an eventually negative 
solution of equation (E ). This completes the proof. 
COROLLARY 1. Let condition (5 ) in Theorem 1 he replaced 6) 
1 ’ 
lim sup ___ 
I r--1x H(f, to) 10 
$+l(t,s)]2ds<;i’ (12) 
1 ’ 
lim sup ~ 
5 ,+x H(t, to) tu 
H(r, s) P(S) q(s) ds = ~8, 
then the conclusion qf Theorem 1 holds. 
(13) 
THEOREM 2. Suppose that conditions ( 1) and (2) hold, 
s = *(u) -du<w I - -‘I tw,,, f(u) and f(u) ” 
and let the functions p, h, and H be defined as in Theorem 1 such that 
conditions (3) and (4) hold and 
p.(t)20 and (a(t)P’(t))‘<O for tat,. (15) 
WC S) P(s) q(s) - 
4s) P(S) ph’(t,s) ds=m, (16) 4k 1 
then equation (E) is oscillator?: 
109 171 I-16 
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ProoJ Let x(t) be a nonoscillatory solution of equation (E), say 
x(r) > 0 for t 2 t,. Next, we define the function W as in the proof of 
Theorem 1, then we obtain (9). Now 
5 1 PW - H( t, s) W(s) ds T PCs) 
= 
I 
’ H(r, s) a(s) p.(s) bws)) -y.(s) 
T .f(x(s)) ds 
= -~,,,,,j)[,:,(,,,.,,,~(~~~~~~~~(’jd~]ds. 
By the Bonnet theorem, for a fixed s 2 T and for some 5, E [T, s] 
s 
s a(u) p.(u) Il/(-du)) -y.(u) du 
r f(4u)) 
and hence, since p’ ( T) 2 0 and 
if x(Lf,)<x(T) 
if x(t,)>x(T), 
we have 
with 
s I a(uj p.(u) +b(‘)) -“(‘) du<K T f(x(u)) ’ ’ 
K, = a(T) P’(T) j=# dq’. (17) 
Thus, (9) becomes 
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- j’ h(r, s) ,/‘f-W, 3) W(s) ds i- 
i 
, k - ~ H( t, s) W’(s) ds. 
7- 4s) P(S) 
The rest of the proof is similar to that of Theorem 1 and hence is omitted. 
Now, let us consider the function H defined by 
for some constant LY > 1 and 8 is a positive continuous function on [to, ,w) 
such that jI; (l/Q(u)) du = #x8. Clearly 
H(t, t)=O for far, and H( t, s) > 0 for t > s 2 t, 
and 
In this case the function H satisfies condition (3) if 
h(r,~)=-&-(~~-$)“‘*~’ for tBs22,. 
5 
One of the most important cases is to consider 
e(u) = up, /I is any real number. 
Here 
and 
h(t, s) = CL-~ 
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Therefore, by applying Theorems 1 and 2 in the special case considered, we 
derive many new criteria for the oscillation of equation (E) and/or related 
equations. 
Remarks. (1) A condition on the sign of the damping coefficient can 
be removed if the function $(.u) = 1 or the function $ satisfies the condition 
0 cc, < @(?r) < c2. For more details, see [2, 5). 
(2) If p(t) = 0, then conditions (2) and (4) in Theorems 1 and 2 are 
disregarded. 
(3) If H(r, s) = (r-s)’ for some constant CI > 1, Theorems 1 and 2 
include as a special case some of the results in [2-9, 11-141. 
The following example is illustrative: 
EXAMPLE 1. Consider the differential equation 
[I.‘4 
log(e+l,.r(r),),~(t)) --f-'-Y'(f) 
2 - sin t cost 
+ ----- .u(t)log2(e+Ix(t)l)=0 
4t t/5 Jt I 
for f>lu=;, 
(E,) 
where 7 is a positive constant. 
It is easy to check that 
f'o,, 
*lx) 
for x#O. 
Next, we let p(t) = t3’4, then condition (4) is satisfied if 7 2 3/4. 
For any t > t,, we obtain 
i ‘.F~~(s)A=J’ [~s~~3~4(2-sins)-s1~4coss]ds 10 r2 
-, = J d[s’,j(2 -sin s)] x.2 
0 
I.4 
>*‘.4- 7( 2 
Now, we let 
H(r,s)=(t-s)2 for *as>;. 
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Thus. 
and consequently 
All conditions of Theorem 2 are satisfied and hence equation (E,) is 
oscillatory. 
We note that Theorem 1 is also applicable to equation (E,) with 
cp( t) = t3’“, while the oscillation criteria in [2-9, 1 l-141 fail to apply to 
equation ( E3). 
Next, we see that the equation 
(t’,‘(,?(t)+2- 
[ 
2 - sin t cos t 
sinx(t))s.(t)).-tp’x(t)+ ~-- 
45,/G V/i 1 
x (.u3(t)+x(t))=0, y>o for rBt,-i, (E4) 
is oscillatory by Theorem 1 for p(t) = t3’j and 11 b 3/4, while Theorem 2 fails 
to apply to equation (E4) since condition (14) is violated. Here, we may 
conclude that Theorem 1 is stronger than Theorem 2. 
Next, we consider the following special case of equation (E) with 
p(t) = 0, namely 
(a(t)Il/(-u(t))s.(t)).+q(t)f(s(t))=O. (E*) 
THEOREM 3. Let condition (1) hold and let the functions H, h, and p be 
defined as in Theorem 1 such that condition (3) holds and moreover, suppose 
that 
O< inf liminf- Wt,s) <~ , -I 
., a 10 r- = H(t, to) 1 (18) 
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and 
1 *l 
lim sup ~ ! I-+X fJ(*, to) 10 
a(s)p(s) h(t,r)-$$,Jji;;;)]‘ds<,x. 
L 
(19) 
[f there exists a continuous function Q on [t,, x ) such that 
and 
I 
cc Q’ (s) 
Ads= axI, 
4s) P(S) 
(21) 
r. 
where 52 + (t) = max {Q(t), 0 >, then equation (E* ) is oscillator),. 
Proof: Let x(t) be a nonoscillatory solution of equation (E*). Assume 
that x(t) # 0 for t > t, and define the function W as in Theorem 1. Then as 
in the proof of Theorem 1, (11) with K= 0 is satisfied for all t, T with 
taTat,. So, for t>T>t, 
w*, u) P(U) 4(u) - 
a(u) p(u) 
4k 
Thus, by condition (20) we have for T> t, 
W(T) 2 Q( T) + lim inf 
+;/T(h(t, u)-$k’(t, u))rdu. 
This shows that 
W(T)3Q(T) for every T > t0 (23) 
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and 
Hence 
‘x > lim inf ____ 
k 
a(u) P(l4) 
ff(4 u) W(u) 
H(r, u) A”(u) du 
i.e., we have 
“r_‘ff [U(r)+ V(t)]-+=, (24) f 
where 
1 
U(r)=---- 
s 
r k 
ML to) to a(u) P(U) 
H(t, u) W’(u) du, t > t, 
and 
1 f 
C’(r) =- 
J( WC to) to 
h(t, u) - $$m) J’,K; W(u)du, t>t,. 
Now, suppose that 
i‘ 
x 1 
W’(u) du= 5. 
to a(u) P(U) 
Then, by (18) (cf. [9]) we can easily see that 
(25) 
(26) lim U(t) = x. I-x 
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Next, let us consider a sequence {T,},,= ,.2, ,,,, in (to, ,CCJ) with 
lim,, - x T,, = CD and such that 
lim [U(T,,)+ V(T,,)] =liminf [U(t)+ V(r)]. 
II - z? I-. r 
Now, by (24), there exists a constant M such that 
VT,)+ V(T,,)<M (n = I, 2, . ..). 
Furthermore, (26) guarantees that 
lim U( T,,) = cc 
,I - I 
and hence (27) gives 
lim V( T,,) = -‘cc. 
12 - % 
By taking into account (28), from (27 ), we derive 
(27) 
(28) 
(29) 
provided that n is sufficiently large. Thus. 
VT,,) 1 -< -- 
UT,,) 2 
for all large n, 
which by (29), ensures that 
(30) 
On the other hand, by Schwarz inequality, we have for any positive 
integer n 
V’(T,,) 
[( 
k 1 
’ 4~) P(U) H(Tn, to) J 
-T’ (h(T,,, u)) W’(u) du)] 
ro 
1 1 
s 
T,, 
= ii WT,,, to) 
a(u)p(u) 
I,, 
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x /I( T,,, U) - $$ Jm)‘A4 
( 
for all large n. 
So, because of (30). we have 
1 ’ r,, 2 
lim 
)I-% H(T,,, to) J 
a(u) P(U) 
P’(U) 
14 Tn, u) - - 
IO 
p(u) JH( T,,, a) du = w. 
This gives 
which contradicts condition (18). 
Thus, (25) fails and hence 
s 
x 1 
W(u) dl4 < co. 
xl a(u) P(U) 
Hence, from (23), we have 
a contradiction. This completes the proof of the theorem. 
THEOREM 4. Let condition (1) hold and let the functions H, h, and p be 
defined as in Theorem 1 such that conditions (3) and ( 18) hold and 
1 
*’ lim inf ~ 
r- L H(t, to) J 
H(t, s) p(s) q(s) ds < #CO. 
t,, 
(31) 
If there exists a continuous fitnction R on [f,, 1%) such that 
(4 s, P(S) 4(s) 
4s) P(S) - 
4k 
h(t, s, - zdm)‘]dsdR(T) forevery Tat, 
(32) 
and condition (21) holds, then equation (E*) is oscillatory. 
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ProoJ Let x(r) be a nonoscillatory solution of equation (E*), say 
x(t)#O for tat,. Furthermore, let the function W be defined as in 
Theorem 1. In the proof of Theorem 1, we obtain (11) with K= 0 and 
hence for t > T> t, we get 
and therefore, by cndition (32) we obtain 
1 -r 
W(T)>Q(T)+limsup- 
J[ 
k 
H(t, u) W(u) 
1-x H(t, T) T 4~) P(U) 
+’ a(u) P(U) 
2 k h(r, u) - 
$+,/m)]* du. 
Thus, (23) is satisfied and 
Hence. we have 
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i.e., 
lim sup [U(t) + V(r)] < xc, 
, - L 
where the functions U and V are defined as in the proof of Theorem 3. 
Now, using condition (32) we get 
1 
[ i 
’ C2( to) < lim inf ___ I- i( WC to) 
H(r, u) P(U) q(u) du 
rll 
1 1 ’ 
--~ 
4k H(f, to) s 
a(u) p(u) h(t, u)p+) 
r. ( 
~Jrn)'dU] 
1 ’ 
d lim inf ___ 
I - x, H( t, 10) s 
H(r, u) p(u) q(u) du 
,c, 
1 ’ 
- lim inf - 
r--r %, H(r, to) i‘ ,” 
and so, by condition (3 1) we obtain 
1 * 
lim inf ~ 
t-,x H(t, to) s 
a(u) P(U) 
,. 
h(t, u) -s ,,m)? du < m. 
This shows that there exists a sequence { T,,),,= ,,? ,..., in (to, x ) with 
lim ,, _ ~ T,, = = and such that 
1 
! 
* rn 
lim 
a- x MT,,, to) ,u 
Now, suppose (24) holds. Following the procedure of the proof of 
Theorem 3, we conclude that (27) is satisfied. The remainder of the proof 
proceeds as in the proof of Theorem 3. 
For strongly superlinear differential equations of type (E*), we present 
the following oscillation criterion: 
THEOREM 5. Ler conditions (1) and (14) hold and let the functions H, 11, 
and p be defined as in Theorem 1 such that conditions (3 ) and ( 15) are 
satkfied, and moreooer, suppose that 
! 
.I 
lim inf p(s) q(s) ds > - ~8 (33) I-x ," 
and 
s * 1 -----ds= 8x8. a(s)p(s) (34) 
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Then equation (E*) is oscillatory if there exists a continuous function Q on 
[t,, XI ) such that conditions (20) and (2 1) hold. 
Proqf: Let .‘c( t) be a nonoscillatory solution of equation (E*), say 
.u(t)#O for t2 t,, and define W(t)=p(t)(a(t) $(x(t))x.(t)/f(x(t))), tat,. 
Then, as in the proof of Theorem 1, we get (6) with p(t) = 0, i.e., 
W(t)< -p(t)q(t)+z w(t) 
1 f’(dt), w’(t) 
-a(r) $(-v(t)) ’ 
tg t,. 
Integrating (35) from t, to t we have 
w(t) < Wt,) -jrp(u) q(u) du+ j’ a(u) p’(u) Ii/Mu)) x’(u) ,f(,y(u)) du 
-I 
- i ;" f'(4u)) w*;u, du. ro a(u) P(U) 4+(u)) 
(35) 
(36) 
Now, using the Bonnet theorem (see the proof of Theorem 2) we conclude 
that there is a positive constant K, that satisfies (17) and such that 
Suppose that 
. 7: 
J 
k 
W’(u) du = CG. 
1o a(u) P(U) 
By condition (I), we see that 
s / I f'(du)) Io a(u) p(u) $(x(u)) w’(u) d”= x’ 
By condition (33), from (36), it follows that for some constant L 
We choose a t, > t, such that 
(37) 
(38) 
*I, 
J 
1 
l=L+ 
f“MU)) W’“(u) du > 0. 
01 a(zf) P(U) $(-y(u)) 
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Then (38) ensures that the function W is negative on [tl, CC ). Now (38) 
gives 
(l/u(r) p(r,)(f’(,r(r))lJ/(?c(t))) W2(t) 
L + s:, (l/a(u) p(u)) (.f’(x(u))l$(.4u))) W’(u) du 
and consequently, for all t 2 t, 
logi L
f ‘(x(u)) L + J-,, u(U:p(U) l+b(x(u,, 1 f(dt, 1)W2(u) du 31% f(-r(t)) 
Hence 
So, (38) yields 
~(x(t)).r.(t)< --LL- 
a(t) p(t) 
for tat,, 
where C, = lf (x( t, ) ). Thus, we have 
a contradiction to the fact that x(t) > 0 for t 2 t,, and hence (37) fails. 
Now, we suppose that 
i 
* 1 
‘10 a(u) P(U) 
W’(u) du < ,a. 
Using ( 1) in (35 ) we have 
P’(f) k 
W(r)< -p(r)qtt)+- 
P(t) 
W(t)---- 
Q(f) p(t) 
w’(t), tat,. 
We proceed as in the proof of Theorem 1, and we get 
H(t, u) P(U) Y(U) - 
a(u) P(U) 
4k 
2 
>I dub W(t,) 
238 S. R.GRACE 
By condition (20) we obtain (23). Thus, 
s ‘* P+(S) ds< *% 1 ’ W’(s) ds < ‘cc, 4 4s) P(S) ! to 4s) P(S) 
which, because of (21) is a contradiction. This completes the proof. 
For illustration we consider the following example. 
EXAMPLE 2. Consider the differential equation 
(- 1 I’log(e+ Ix(t)l) x(t) > 
+(t~cosr)~~(f)log’(e+~x(t)o=O, t > 2, > 0, (E,) 
where 1 and p are constants, A< 1, -1 <p< 1, and 2,~+ l>A. 
We let 
k= 1, H(t,s)=(r-s)” for r>sar, 
and 
P(t) = 1 for tat,. 
Now. 
limsup~~r(~-.v)2sP~~ssds= -~Gcos~~<G, 
, + ,x 10 
li~l;nr~~~[(f-s)2~l’coss-si]ds8 -Tush T-k,, T> I,, 
where k, is a positive small constant. Set 
Q(T)= -Psin T-k,. 
There exists an integer N such that (2N + I ) 7c + 7c/4 > f, and if n 2 N 
(2n+l)n+$gT~2(n+l)rr-~, 
Q(T)= -Tk’sin T-k,36TL’, 
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where 6 is a small constant. Noting that 2~ + 1 > I, we obtain 
x 
2 c 6’ 
‘(II + I b A - x:4 ds 
- = X8 
A’ = ,I l2ll+Iln+n4 .5. 
All conditions of Theorem 4 are satisfied and hence equation (E,) is 
oscillatory. 
Remarks. (1) We observe that equation (E,) is also oscillatory by 
Theorem 3 and Theorem 5 can be applied to some special cases of equation 
(E,), e.g., p=O, ,I= 1, and p(t)= 1 or ,u= -1, A=O, and p(t)=t, etc. 
(2) We note that Theorems 1 and 2 of this paper as well as the 
known oscillation criteria in [l-14] fail to apply to equation (E,). 
Next, we present Theorems 3-5 for the special case of equation (E) with 
I)(X) E 1, i.e., 
(E**) 
THEOREM 6. Suppose that 
f’(x)ak>O for x # 0, (39) 
and let the functions H, h, and p be defined as in Theorem 1 such that ( 18) 
holds and 
1 ’ 
lim sup ~ 
s 
I 
r-x Wt, to) to 
4s) p(s)[h(r, s) - y(s) J H(t, s))]’ ds < 05, (40) 
dwre r(t) = (a(r) p.(t) - p(t) p(t)Mt) p(t). 
Zf there exists a continuous function Q on [t,, s ) such that 
4s) As) 
H(t, ~1 P(S) q(s) - 7 
x (h( t, s) -y(s) JH(t,s))’ 
I 
ds 
>/Q(T) for every T> t, (41) 
and condition (2 1) holds, then equation (E * * ) is oscillatory. 
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Proof: Let x(t) be a nonoscillatory solution of equation (E * * ). Assume 
that -r(r) #O for tat,. Define W’(t) =p(t)(a(t) ?c(t)/f(x(t))). Then 
k 
W(t)< -p(t)q(t)+y(t) W(t)------ 
a(t) P(j) 
W(t) for t>t,. 
As in the proof of Theorem 1, we can obtain 
*r 
J[ 
H(4 u) P(U) q(u) - 
T 
ayu+h(t,u)-).(U)J77i;;;i)2]dU 
+ A 
2 
(h(t, u)-2’(u)~mij) 1 2du. 
Now, we proceed as in the proof of Theorem 3. Here we omit the details. 
THEOREM 7. Let condition (39) hold and let the functions H, h, and p he 
defined as in Theorem 1 such that conditions (3), (18), and (31) hold. If there 
exists a continuous.function Sz on [to, CG) such that 
1 
*’ lim inf ~ 
J[ 1-x H(t,T) T 
H(t, s) p(s) q(s) 
-F (h(t, s) - y(s) JH(t, s))~] ds 
aQ(T) .for every T > t,, (42) 
where y(t) is defined as in Theorem 6 and condition (2 1) holds, then equation 
(E**) is oscillatory. 
ProoJ It follows from the proofs of Theorems 4 and 6 and hence is 
omitted. 
THEOREM 8. Let conditions (2) and (39) hold and let the functions H, h, 
and p be defined as in Theorem 1 such that conditions (3), (33), and (34) 
hold and 
YI (t) = a(t) PI (t) --P(j) P(j) 2 0 and Y’,(f),<0 for t>t,. (43) 
Then equation (E * * ) is oscillatory if there exists a continuous function 52 on 
[to, CC ) such that conditions (21) and (42) hold. 
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Proqf: The proof follows that of Theorems 5 and 6 and hence is 
omitted. 
Remarks. (1) The results of this paper are presented in a form which 
is essentially new and of a high degree of generality. Theorems 1 and 2 
include some of the results in [2, 3, 5, 6, 8, 9, 11-141 and Theorems 338 
extend and improve some of the results in [9, 131. 
(2) It will be interesting to obtain results similar to Theorems 338 for 
equation (E ). 
REFERENCES 
1. S. R. GRACE. Oscillation criteria for second order differential equations with damping, 
J. Austral. Marh. Sac. Ser. A 49 (1990) 43-54. 
2. S. R. GRACE, Oscillation theorems for second order nonlinear differential equations with 
damping, Math. Nachr. 14 (1989), 117-127. 
3. S. R. GRACE AND B S. LALLI, Oscillatory behavior of solutions of second order differen- 
tial equations with alternating coefhcients. Math. Nachr. 127 (1986). 165-175. 
4. S. R. GRACE AND B. S. LALLI, Oscillation theorems for certain second order perturbed 
nonlinear differential equations, J. Mar/r. .4na/. Appl. 77 (1980). 2055214. 
5. S. R. GRACE AND B. S. LALLI, Integral averaging techniques for the oscillation of second 
order nonlinear differential equations, J. Math. .4nal. Appl. 149 (1990). 277-311. 
6. S. R. GRACE, B. S. LALLI. AND C. C. YEH. Oscillations theorems for nonlinear second 
order differential equations with a nonlinear damping term. SIAM J. Math. .4nal. 15 
(1984). 1082-1093. 
7. S. R. GRACE, B. S. LALLI, AND C. C. YEH. Addendum: Oscillation theorems for nonlinear 
second order differential equations with a nonlinear damping term, SIAM. J. Marh. Anal. 
19 (1988), 1252-1253. 
8. I. V. KAMENEV, Integral criterion for oscillation of linear differential equations of second 
order. Mnt. Zanrerki 23 (1978). 2499251. [In Russian] 
9. CH. G. PHILOS, Oscillation theorems for linear differential equations of second order. 
Arch. Marh., in press. 
10. CH. G. PHILOS. Oscillation criteria for second order superlinear differential equations, 
Canad. J. Math. 41 (1989), 321-340. 
I I. A. WINTNER. A criterion of oscillatory stability, Quart. Appl. Ma/h. 7 (1949). 115-l 17. 
12. J. S. W. WONG, An oscillation criterion for second order nonlinear differential equations, 
Proc. Amer. Math. Sot. 98 (1986), 109-I 12. 
13. J. YAN. Oscillation theorems for scond order linear differential equations with damping. 
Proc. .4mer. Math. Sot. 98 (1986), 276-282. 
14. C. C. YEH, Oscillation theorems for nonlinear second order differential equations with 
damping term. Proc. Amer. Math. Sot. 84 ( 1982 ). 397302. 
409:171.1-17 
